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142- 
144- 
146- 

148- 



REGISTER HAPTIC DEVICE TO ANATOMY 



DEFINE TARGET REGION 



140 



DEFINE ANATOMICAL OBSTACLES 



POSITION HAPTIC DEVICE SUCH THAT A 
TOOL COUPLED TO THE HAPTIC DEVICE 
WOULD HAVE A DESIRED RELATIONSHIP 
WITH THE TARGET REGION 



152 



IS VIRTUAL 
TOOL INTERSECTING 
ANY ANATOMICAL 
OBSTACLES?. 



YES 



, 158 

<> 

MOVE HAPTIC 
DEVICE 



162 

IS USER' 
SATISFIED WITH 
TRAJECTORY TO TARGET 
REGION? 

.YES 



LOCK HAPTIC DEVICE 
( END ) 
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154- 



PROVIDE HAPTIC CUES TO USER 



160- 



ARE HAPTIC 
CUES FROM MULTIPLE 
OBSTACLES CANCELING 
EACH OTHER? 



156 



,YES 



PROVIDE SPECIAL HAPTIC CUE 
TO ALERT USER 

1 



FIG. 3C 
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( START ) 



170 



YES 




1 76^] DETERMINE HAPTIC 

INTERACTION FORCES/TORQUES 
TO MAINTAIN MEDICAL DEVICE 
WITHIN THE HAPTIC OBJECT 



DETERMINE HAPTIC 
INTERACTION FORCES/TORQUES 
TO MAINTAIN POSE 



174 



178 ' DOES THE 
RESULT OF AT 
LEAST ONE SCALAR VALUED 
FUNCTION OF THE HAPTIC 
INTERACTION FORCES/TORQUES 
EXCEED AT LEAST ONE 
RECONFIGURATION 
THRESHOLD? 



NO 



180- 



YES 



MODIFY HAPTIC OBJECT BASED 
ON HAPTIC INTERACTION 
FORCES/TORQUES 



( END ) 

FIG. 4B 
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YES 



RETURN MODIFIED 
HAPTIC OBJECT TO 

ORIGINAL 
CONFIGURATION 



SELECT A SEGMENT 
TO BE MODIFIED 



MODIFY SELECTED 
SEGMENT 



•128 
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CALCULATE HAPTIC 

INTERACTION 
FORCES/TORQUES 



I 



( END ) 

FIG. 6C 
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FIG. 7 A 




FIG. 7B 
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FIG. 8 
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C END ) 

FIG. 9 
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"YOU ARE 
CUTTING TOO 
DEEP" 
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220 
/ 

DETERMINE DISTANCE TO U"222 
DESIRED SURFACE 

MAP DETERMINED DISTANCE TO p -224 
A DESIRED OUTPUT FORMAT 

T — 

CONVEY DETERMINED 
DISTANCE TO THE USER IN 
THE DESIRED OUTPUT FORMAT P" 2 26 



FIG. 11 



